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S^ntelffi^nflT!^ * JT^T*"* °' SCParating PHA Whereby CeU «"«*«•«• other than PHA par- 

ticles can be efficiently removed from PHA-contaimng microbial cells and thus highly pure PHA can be obtained at a hioh vield 

ss^s3r2s^- ta r ,ecuw weight - 31,(1 a method ° f ° btaining pha ^- «z£?s£s. : ssss 

collecting PHA which comprises subjecting an aqueous suspension of PHA-containing microbial cells to a mechanical disruotion 
hutment at a low tempore and adding an alkali to thereby efficiently disrupt the miLrial cells and ^SSTpSTES 

Zi^r^T S 1 * SUrf u tant M ° reOVer ' thC PHA Partic,e Size be enla ^ ed "y suspending the PHA in a h^drop^c 
solvent and/or water and stimng the suspension a. a temperature lower than its boiling point to thereby induce aggregation 

£ 7 > 5**= PHA ^*^^»<**^PHAe^janro«(*«^»*ai* e t<i»* sgsi&^» 
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ut^ «5 tfci-f-<ir v^p iaas&K-c*>s. p HA^^3NBia^e>^«i»as-t-«i!E 

25 ^ OMC-CttfttmiKR: J: Sttffi&Ri/B Lfc p HAO^iff«^^<i 
£f£*VTV^ (#HflBg5 5- 1 1 8 3 9 4-i§^$& N #M 5 7-6 5 1 9 3f^ 
«s #SSBg6 3-1 9 8 9 9 1 #4&BU »0 2-6 9 1 8 7#*&«L WmW- 
0 7- 7 9 7 8 8^#) „ wtl,bO^T^PHAO^?^*t>l^V^a^ 
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10 T^fc£-£T|&#. PHA*l^ft:©**|lIJlR't-5^fe*S3»>^r##$^^-CV^S. 

(J£TK ilftri:^?) ^¥Mt5^tLt^ J. Ge 
n. Microbiology, 1 9 5 8^, il 9#, p. 198-209 \Z 

t3%x.htiz>o W04-6 1 6 3 8#^t*ictt % m^mtmm, Rmmmt 

PHAOMSttIta8 8% f^t)9 7%SftT*fe5 0 £fc N PHAttft4 

S0°C, 3«llT^gU 9 9%««OPHA^it^ife (#«5p0 
8-502415 -5§-<&f&) P HA-$#tt&4MB9Hft & p H 2*}j5|tf>3&mttT 

~ v'^^ttmvft&PHA&ftfifcfzxmmmztix^z mm^i 1-2 

66 8 9 1tM) „ rtl^^lM^mPHA^^iltf t< f£TtS 
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its*. tct^nm^m±vtct isX*>m&^<D!&m&-e 

separation, 19 

5 # % (phb) *mifMMiaic7^* y 

^fax-n t/i-^ y sr^nm 8 o °c\cMm u i i5raafctfM&# y Srjs^m 

-ClElIIXi-S^fe ; #H8¥ 07-31488 ^4smx*fc, 7 0 °CT^JE^#Srfr 5 
10 ^fe ; 07-31489 #^«L^tt % _LfBB ioseparation, 

199 1^, i2t, p. 9 5-1 0 5Sr|§S^^i#i^m 

%>%T)v*>3 *mvm^7 0 o c^±-e^JI^g^#%^T5^•^^$^ LT v^5o n 

^SHTii$t5^i: Lt« N PHBtfi^i^, P H B <DM&tm (1 
8 0^ *t'»L«^5^fe5 (Bailey, Neil A. ; 
George, Nei 1 ;Niranjan, K. ;Varley, Julie 
Biochemical Engineering group, Univer 



WO 2004/065608 _ -T/JP2004/000416 




sity Reading, TlChemE Res. Event, Eur. C 
onf. Young Res. Chem. Eng. J , , K5 2jK, In 

stitution of Chemical Engineers, 1996 
¥, P. 196-198) „ ^fc, #^5p0 7-5 0 9 1 3 H§^$RT? 

5 fi N 7k^iMLfc3-t Kn^^y^l—b (3HB) t3-t Kp^/^vv 
( 3 H V) CBHn PHBVtV^) fe\ jg^OJ&iy.^irJBE^O^ 

at&jffl&a&AU 1 2 0 — 1 6 0X:-cmmm:W-i-^^tKX^ PHBV©fSI: 

^SiLt, 2ffi<^^-r^->-T^S$^:5^ (J. Biotechnol. , 
1998^, ^6 5 (2, 3) p. 173-182, 4#*5p 0 5-5 0 7 4 

y^^iiS^S^tifft-g^lh/CV^ (Spec. Publ. -R. Soc. 
Chem. , 1994 3s 158# (Separations for Bio 
technology 3), p. 113-119 #J$) „ U ^tUC J; o 

TO5I*M2~4 5 //m^&9+#&^#£ tm^X.&V\ 
20 CO<t5^ PHA<D^*ifiT^#$IJU S.o^^m^^fT5^«^I 
?LT V ^ V > <D ^MfcX* £> 6 „ 

oTf*. ^^^B^fe^>PHA<D|lllRXm> ^l:«jSCtPHAm 
25 W£V^£tfS N Hffift^t ^Plfi ^oTVn^, 
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4k^&3%km^ iiihi&Tx~<Dfrjfc&>&^t£ft%n&(Dftmx*n, #cpha^2 
n&.±<o* / &t£z> ^m.^com^, m&m&fcxfo % pub tit 

5 fc„ 

10 5i irteifcS,, 

T/UXV P HA£rlH]l& L-n ^PHA^TKttM^feSV^^S 

15 p^«t\ mmRtf/y.teRmfemm~?mmL., ^pha^mtk^ 

£^tBT*fc3;it&Jt l v^;:Lfc 0 $btc N PHA^7Kt^»t>VXf*7K^ 

T, PHAO^Sr^:i:<i-sri:^tMT'fe5r.t^M,VN/dL.fc 0 rttfe<D^r 
20 Sfe^J;^ m^*-t?Si?)-Cfflll-efcoAcPHA^^4{gT^lEliilL. 9 
%£A_htf)PHA&9 0%^_b<D^T'leIil3ii-5^i:m5f,b. 
S i £ t£ <fc 9 x ^^^VNOHll^^t^/Xf^a^^^tt^lll^-r^ PHA 

25 l"^^ ^BJfi. 

(a) PHAtfMM©MiW^ ^#^#/S^#^a^fTV^^^ 

(b) ^-gi$nfcPHA$r N mm&vt/xnRmfsmtmx'&mi^ pha^# 
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IUPHA &IRm^ 6> ftffi-lrZ, It 

^^btf UT^5, ±ISPHA©|iIi|x^fe^|8-t-5 0 

io mwvmmmTF 

t Kn^^7;^/x- hOUUR^fe^ TIE (a) RTF (b) 

*f\ *38WW5#P t KB^T^/x-b (PHA) £rf± % t Kn 

TliflNClgJtSfrLfcv^ =MfrftJz:f4 % (3HB) s 

25 (3HV) „ 3 -h Kndf-^yn t'^- 4-fc 

Kn^V^Wb, — K 5-t Ko^^^h, 

3-tKn^^/iv- K 3 -t Kn^S/^f/x- b (3HH) . 3 
-fc Ko^^^yx- K 3-t Ko^t^^yx- K 3-tKo^ 
^t/i- K 3-t Kn^rv'T*yx- f^^ffettSo 
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PHAO^MtLTH:, 3HB©#il^T*fe5PHB, 3HBi3HV 
©2^*l^-efc5PHBV, 3HBi3HHt©2^*l^-efc5P 
HBH (^2 7 7 7 7 5 7fMW , 3 HB t 3 H V t 3 HH t <D 3J& 
Mt^T^SPHBHV (#W^2 7 7 7 7 5 7 «S-0!|7j*T?# 

•r-Mj, b t LT 3 HH^ttSftl^^t U< , i^?tL<iiPHB 

PHBH©i^ ^=5/ homj&tbtov^fi^iipg^ 

3x5fc©-mfcV^ ^f^nXttSr^-r^^, 3HH^y h3U~9 9m 
ol%Ot>0^tl<, i5^L<tt3~30mol%t$)5 o PH 

15 BHVoi^ *^i-S^-^y rx- 5, ho|i^tb^ov^Tfi4#^P5^$^LS 

fc©T?ttfcV^ M^fcf. 3HBi=yhOti^i~9 5mol%, 3 HV^ 
= y b 1 ~ 9 6 m o 1 % s 3 HH^= 5/ b ©-g-fttfS 1 ~ 3 0 m o 1 %T? 

PHAIt y/u^ n-r h^^HSc-ezKy^^u-^Sr^H^ 

ISdI=4&T&fttf4#fcKS£*ifcV\, 0*Jx.(^ T^n^* (Aeromonas 
) Ms 7^!J^ (A 1 c a 1 i g e n e s) JfS, (A z o 

tobacter) I, s*<?~;V* (Bacillus) ^a^MJ ( 
C 1 o s t r i d i urn) Ms sms*?TD $ J* (Halobacteri um 
) M> /^/Wf^T (Nocardia) JR % p K^tfU^A (R h o d o s p 
i r i 1 1 um) Ms S'sl £ (Psuedomona s) Jl> ^/W* h 

~ r (Ralstonia) ^ N X— ^n^T (Z o o g 1 o e a ) M#tf>$Sc& 
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* ■ 3r^r fc^c (Aeromonas caviae) ^tf^f £>*L N T As* V & 
**mt LTil, mZ-ttT/ls* V •!)^!)r^ (Alcaligene 

s 1 ipolytica) , V • 9 ^ * (A leal igene 

s 1 a t u s) Igfrmf b*K 7/1^ b-TJSt UTIis 0iJ;tfcf 7/^:* b=T 

• a.— hvtyr (Ralstonia eutropha) *g&mf b*lZ> 0 

ffes (^i/i ]J (Escherichia) I) ^ m^CD*^ 

(Cand i da) Us t'>*nv/ft^ (Saccharomyces) 
JR. irn^^T (Yarrowia) M (WO 0 1 8 8 1 4 4) m<D®k£.Wm 

^^ft^OPHA^^mS¥at^^AUfc. Ralstonia eut 
ropha PHB-4/pJRDEE32dl 3 L < /BV^S ^ t 3&*"t? 

# ^4o N Sl£R alstonia eutropha PHB-4/p JR 
DEE3 2d 1 3 ^f^U Alcaligenes eutrophus AC 3 

25 2©*$T% FERM B P - 6 0 3 8 ©g|6#^t, ¥^9^8^7 0#T\ 

b *i^io < f^rfrm lTiitii 6 ^ b&m&ft&mAmmmm 
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2001-34007 8 bfc^||#^^J(O^^S 
PHA&IIIIfc-t-^^&^T, © P H AM ^ils 

£^fc^ac|g#:£[I]ifcU ^©f, (a) ^iitpr £^-?£5 0 -r-e N flu 

f&i~ZWi&<DM.mte5 0°C~7 0°CrtW£LV\, 
*mWfc&tfz>j:m (a) T?fi N PHA^»4liiPiJfi©7kttMt©l#i: 

15 (1) P H A^tM«j|HJSa<D*ttW«^ii t, 

(2) ^TkteM^Sr^Loo, ^S6ti?iS#^a^*-rrJ^U (3) ^5c^ N 

<5o 

«t«9 t^m^J^#^^fr5 f^tfePHA©^4C^< V^££rJl^ 

£oT. ^5g^IUl|X^-e^ X& (a) tc^T, -B.#»a^#^w^ 
bfc^ $fe^%gi£^#£fTV N &;^b^ 3 *WkMl^ PHA&^ 
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<o*wto&. (mmmm ^mith^mnt^m^^^t^x^Xs pha^ 

&m £ ti 5 r. t ft < N f)PHAm fc:#HI • @ J& T? 1 3 £ 5 U: ft 5 „ 

Og/LTOW^K, «^*b«Bll&«»»[©!t#©U^i-S^&, 3 00 g/ 

20 7--7^y a mm&ffitim.#m (8ft@B r a n + Lu e b b e#M) s 

y^lf— (*BMi c r o f 1 u i d i c stfcSl) ^•bm^ZZ.k&X* 

25 Tt4Hjp<fU"T?iftjBE^^D % wrawfcSiianiftsfcje)^ ^stsct, — ^<d{£ 

-4 OT^«fl^afcfT$©#$fSLV\ i©J; 5fttt;tfcWiBfflT"e«!s3ffiSrfTo 
PHA©^ftr±«£^£teTLftV\, t£oT N *:||PJ<D0*bVN 

^Jfeli#-t?f±s 2o~4 cc-c^a^rtRWSrfTVft^br^* v %mtovx\,^< 
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T/Kfc y t LTit fljfctf. TkWtikl- h V *mt* y * fcmtV 

j*m<DT/is*y&m<D7kmfcm mm-r mj^a, mm* y vj*m<DT;v*> y ^ 

Meruit ; ^SItKIP^ MJ^A, ^tK^ y ^^©7;^ y &JSS<£>^7k 

; h y y !>a^(dW^c»t/^ y ; ^^f© 

T/^y^©^^^; y y«3thy yv^7K*2^-hy^A > y^ 

LTi>j;v\ xaaasfcjfiu r^y^*© 

PH9-13. 5, i!)0SL<|ipHlO~13-e&5„ P H^13. 5 J; *) 

±-eiiPHAo^i^T^< tezmmstb y> , P H&9&mxi-mw®m 

^tL<|j:lO~45^ £t)0l£L<te2O~4O o C-e&3 o 
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IS (a) fcfcV^T, pH9~13. 5©ftf©pH(«t 

pH9~13. 5 > It2 0-4 0fCIg(a) &fr 5 ^ t •£ LV\ 

SIT, It (a) ^rfTPfci?)O0* LV^B^tER&m-efeSdl l §^^v^T N X 

io u (a) £«t vmm\z.mmi-z> 0 *mwn^titbmmmmfc£tiz>h<D 

15 1 1 ft<DU£.afomti&mmm<D p H«r#Kfcjs& cxn^-r^,, $ &> ^ 0 

1 i^fipH^^iit©^f 6 £vmmztitipHfflmM&, nmtmt 
1 1 ft<om&tommmmm\z%3—\zmwm&^sit&<Dmwmm 2 as#is:&*vc 

Sfc, IM#f 1 1 ffftttftrMf 1 irt©»HJ|»l©pH 
SrtfeftJUT, 0f5£<£>pH£&5«fc5&:: N ^^4 ^^i^J^-r^fcfe^, p 
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5 k ft 3 J; 5 KUmir Z^k *WtL Lv\ 

V^ttr.nbSr#ffiLT«!!a-t-5PHA<?5»jKfe-Cfc5„ 

*»Wfc*5VNTr±, 16(a) ^#bttfcit^MSOjS5V>PHA^UT, 
15 IS (b) (Dtthm&ft? ^k\c£V), «3*i"«J;5«;J;5«»fe3b*^#6>*L5. 

Xg (a) T'#^5PHA^(qt ^i§ N ffi^«|g^-C$> 
S^^K^y*^ HSi, MNR % tkMf, *oflfco«*fls*«|39«W# bT 
^Z>b3%X-bfiZ> 0 *3BWK&tf5J:m. (b) -ettx JLfB#*j&£(^&< fcfc 

20 ^IPJKi^Tte, Xg (b) T?©«taSb**j;5i«ie)<5fc«)K:, Xg. (a) 

T^il$ttfcPHA^^M$• ; a:TffiV^5 0T*f±^< N Ig (a) X'ftffi&tlltP 
HAS:7ktJ:»j»Ufc** % *>5V>Wu W^-WBjl^Ht^JBt^lttJCj; 13 ^Bf HURL 
^«©*fciB»Lfe^ffi©**^ ^©IS (b) ^ffiV^OtfWS LV\, 
X@ (b) i^^Tii(a§»fr5f^ l£ffl£;ft.5if§ft£ UTfi, £ 
25 JmUMMW^ lMW&ftff»> DNA&ftPfeM*S¥tf hfh 

(1) ^6S€#fi?i£iff (^n^T-if) 

T/l^7-i? N hV7-»>^ h V -risis^ r^y-< 
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(2) mwm^mmm 

(3) Mig#$¥glit 

7 5 7- t£ N -fe/V^-if, ^/t^—if, f-s/^7 7 — ^ N a-Jfy 

(4) DNA^f 
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"V— 1 0 0M4§B^*f LT, 0. 0 0 1~1 OM;gMS0£ L<, 
f^^kO. 0 0 1 — 5m*WJ:i9#?3:Ll\, 

O^^^ 1 2 ~ 1 4 OT/l^/Hfit^:^ T/l^/l-S^StW 12-16 <£>E 
20 ^T/l^/W^^ifV*/^^:!^ T^=¥/U-S(0^^^ 10-18 (DT?V*)V 

P±M#Ms ^ >- x v^^y — /i^r5>\ hV^&S— JUTS. 
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dr/k^n-^T^ K> T/t^/WT^^drlM }?m&mf btl% 0 *PXi>, g| 
10~14©^!) ^^T/I^/Wc—tvK ^SSifc 10~14©^y Jr**/^J- 

^-w>^- h y $ j^m^m^ ^r^nm^mtn ■, *°y ^u>-jfv 

5i^»t<, £fc x flgJK^?S^^i5fc?#--|^5fe-t-^S^, fc5VM*. Stiff 

1/100~100/1 0#W£b<. 5/lOO~1 00/20^<t^tt 
<- 5/100~100/lOO^$e>^|L<, 5/1 0 0-5 0/10 0 
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T N 0. 0 0 1~1011WIL< S Sfefctta* 0. .0 0 1 

^fc, ^S^^b^J^ig^fc^t^^aMS^^PS^^tL^V^^ PHA^ 

^^*^^-(Z)pr^k;^ieii$^:5^^b> 2 0~5 0°C<D$£ISriWi£ LV\ 
£?£L<te2 0-5 0°CTfc9 N ^Wl^te. 0*b<(il^~2H#^T*fe5„ 

*38Wt?«:, X@ (b) m*5V^T\ ±mtm\z £ 9 #e,*i.fcPHAttm ft 
US • ft* • ft&ofc&fc: N ^tK^^T^/X^tK^ J:«jfc^^ff 5. 
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^^«££rfflv^m£\ t<Dm>&fcmit (*/m* i vmm tt4/6~o. 

5 5/9. 5a^3W£bV\ 

10 Lfc P HA^^gfi-^ £ t 5„ 

**WJC*5V>Tr±, ^©IS (b) WtfctltT, ffi*6&©PHA«:|HlJK 

*»9§©X6 (c) IS (b) laoT^HS^PHA^ M*1£ffiK 
XS ( c ) T*^ffii-SM7Ktt^^ Lttt, #K:pg££;ft3t><£T*te&v^ s 
^ p 77^ ^^t^f ^x-r;^ ; h = h y ;K 
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$&k:#£l<b\ is(b) (oPHAmmzm^rmmzmmi-z tx*& 
15 ie (c) <Dmmm*<DPHA(Dmmzmzmm£tit£\,^K 0*u<«i g 

/L^± % i<90*L<fil 0 g/L£Ui, $P ) Wf^t<«30g/L&(±T« 
g/L£TF> it)^L<|j:3 0 0 g/LOT, ^C^L<tt2 0 0 g/L 

#3§PJ!<DXm (c) ^*5}tS^B#^?a^t LT(4, (^J2 4°C) SX±& 

25 x@ ( c ) &fehz^n&m^Tfo<D&ftxi>n i ?z.b7!)$x%z> 0 

*&w<dtm (c) &ftmm(Dmftxmm$xmMzm^z-&z 
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fcV^S, ttSTOff&tf 5 o o 0 M mJ^T, 0*U<tt 3000/x m«T©l^ 

m±nu m^-mm^mm<D^m, mm, mmm, m^m, ^mnu ^<d^(dm\ 



2 «*HB1E 
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21 
5 

6 p Hna^ff«tt 

7 pHU- 
8 

9 m&mw 

I 0 

II 1 



( 3 HHm o 1 %<om^m 

W7t©f»J!atcPHA (PHBH) ^ no^/^Affittli:^ 

•v-^&mzz r> mu&s mm\^^ 0 3 HHm o i %<ommn, wm 2 0 0 1 

-3 4 0 0 7 8*^«©3fe*«lH:|B«t©^ifeT?fTofe 0 -ti£t>% s PHBH* 
20 2ml©M-^;-/« (15:85) ^P^A2ml 

tan*., ioot, i4o»«iB*nu*i. ?&*p« % imi©it*ftfiinu » 

17A (GLf^xy^NEUTRA BONDi/ 7 A) ^^TM^^ 

25 (PHA^Wtit©!^) 
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